University of Kentucky

UKnowledge
KWRRI Research Reports

Kentucky Water Resources Research Institute

10-1988

Teratogenic Effects of Zinc on Embryo-Larval Stages of the
Fathead Minnow (Pimephales promelas)
Barbara A. Ramey
Eastern Kentucky University

Follow this and additional works at: https://uknowledge.uky.edu/kwrri_reports
Part of the Animal Sciences Commons, and the Cell and Developmental Biology Commons

Right click to open a feedback form in a new tab to let us know how this document benefits you.
Repository Citation
Ramey, Barbara A., "Teratogenic Effects of Zinc on Embryo-Larval Stages of the Fathead Minnow
(Pimephales promelas)" (1988). KWRRI Research Reports. 34.
https://uknowledge.uky.edu/kwrri_reports/34

This Report is brought to you for free and open access by the Kentucky Water Resources Research Institute at
UKnowledge. It has been accepted for inclusion in KWRRI Research Reports by an authorized administrator of
UKnowledge. For more information, please contact UKnowledge@lsv.uky.edu.

Research Report No. 172

TERATOGENIC EFFECTS OF ZINC ON
EMBRYO-LARVAL STAGES OF THE FATHEAD MINNOW (Pimephales promelas)

By

Barbara A. Ramey
Principal Investigator

Department of Biological Sciences
Eastern Kentucky University
Richmond, KY 40475

Project Numbers:

G 1227-06, G 1424-06*

Agreement Numbers:

14-08-0001-Gl227
14-08-0001-Gl424

Period of Project:

July 1986 - June 1988

(A-111-KY)

(FY 1986)
(FY 1987)

Water Resources Research Institute
University of Kentucky
Lexington, Kentucky

The work upon which this report is based was supported in part by
funds provided by the United States Department of the Interior,
Washington, D.C., as authorized by the Water Resources Research
Act of 1984. Public Law 98-242.
October, 1988

DISCLAIMER
Contents of this report do not necessarily reflect the views and
policies of the United States Department of the Interior, Washington, D.C.,
nor does mention of trade names or cOIIUllercial products constitute their
endorsement or recommendation for use by the U.S. Government.

ABSTRACT
The effects of zinc on embryos and larvae of the fathead minnow
(Pimephales promelas) were studied using standard 8-day embryo-larval
bioassay techniques.

The objective was to determine if there was a period in

embryonic development which would be the most sensitive to the toxic and
teratogenic effects of zinc.
1.0 and 3.0 mg/L.

Five developmental stages were exposed to- 0.5,

After 96 hr, all animals exposed to 3.0 mg Zn/L were dead.

The hatching stage was the most affected by 1.0 mg/L, with only 59% surviving
after 96 hr, while the tailbud stage showed essentially control-level
survival.

However, virtually all larvae at all stages were abnormal at 1.0

mg Zn/L, displaying edema and curvature of the vertebral axis.

Although LCso

values for the five developmental stages ranged from 0.13 to 0.62 mg/L, there
was not a significantly most sensitive stage based upon this criterion.
Findings during the posthatch stage proved interesting.

When larvae were

exposed to 1.0 mg Zn/L only during the 96 hr after hatching, all animals were
anomalous.

However, if zinc exposure occurred only during the prehatch

period and larvae were placed in control water posthatch, only 5% of the
larvae were abnormal.

These results indicate that at sublethal

concentrations perhaps the chorion imparts a protective mechanism to the
teratogenic effects of zinc, but that this protection is lost after hatching.
Descriptors:

Bioassay
Identifiers:
Embryonic Growth Stage
Larval Growth Stage
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Embryo-Larval Bioassays
Pimephales promelas
Teratogenesis
Zinc
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CHAPTER I

INTRODUCTION

Assessments of the impact of environmental contaminants on aquatic
biota have been concerned largely with determining concentrations which
produce mortality in aquatic plants and animals.

When toxicants are present

in low, subacute concentrations over a broad range of the aquatic
environment, fish and amphibians may be stressed such that their growth and
development, as well as their physiology and behavior, may be affected •. One
major sublethal effect that has not been extensively investigated is that of
the occurrence of birth defects (terata).

Abnormal animals do not usually

survive in natural populations and, therefore, the presence of a teratogen
can prove important in the maintenance of the integrity of an aquatic
ecosystem.
The specific objectives of this study included 1) identifying
representative chemicals which demonstrate teratogenic potential, 2)
examining teratic responses found in representatives from two aquatic
vertebrate classes(]:-~-, Osteichthyes, Amphibia), 3) determining the stage
or stages in embryonic development when the organisms are most susceptible
to teratogenic action, and 4) initiating a study of the specific defect
found in newly-hatched organisms.
A literature survey was undertaken to identify chemicals which were
known teratogens to aquatic vertebrate species.
1

Among the heavy metals

which have produced abnormalities in embryos and larvae of fish and
amphibians were cadmium, copper, and zinc.

Zinc is present in most aquatic

systems, usually adsorbed to sediments (1).

The potential for release of

sediment-bound zinc increases with increasing acidification and the toxicity
of zinc varies with water hardness.

As a result, comparisons of zinc

toxicity from various studies are difficult.

Pickering and Vigor (2) and

Benoit and Holcombe (3) reported the effects of zinc on embryos and larvae
of the fathead minnow.

Although malformations and abnormal development were

noted in these studies, no measure of the type or severity was reported.
Brungs (4) reported that hatchability and survival of fathead minnow eggs
was dependent upon the concentration of zinc and that posthatch mortality
was high at levels of l,.3 1IV3/L and above.

Based upon these early reports

and the more recent use of terata in evaluating toxic effects (5-7), zinc
was selected as the toxicant to examine.

A study by Dawson, et al. (7)

confirmed this selection when it was reported that the frequency of teratic
larvae was a valid criterion to use in evaluating the toxicity of metalcontaminated ·sediments to fathead minnows and frogs.

Their results

indicated that zinc was a teratogen to both species.
The second objective of this project was undertaken by exposing eggs of
the fathead minnow (Pimephales promelas) and African clawed frog (Xenopus
laevis) to a broad range of zinc concentrations.

Preliminary results

indicated that the fathead minnow was substantially more sensitive to zinc
than was the frog.

Therefore, this study concentrated on the effects of

zinc on embryos and larvae of the fathead minnow.

Since not all exposure

concentrations produced. large numbers of abnormal animals, the range of
2

exposures was decreased to three to include the highest levels which
produced the maximum number of terata.
To determine the stage at which fathead minnows were most susceptible
to the toxic and teratogenic action of zinc (Objective 3 above), embryos
were exposed at five developmental stages.

The stages were selected to

examine th~ effect of zinc on major developmental events, including
gastrulation, sornite expansion, onset of circulation, expansion of
circulation and further refinement of the central and peripheral nervous
systems, and the period of hatching (8, 9).

The results of these bioassays

were evaluated after 96 hr of zinc exposure for each stage and at the end of
4 days after hatching.

Data collected from the period of hatching through 4

days posthatching posed same interesting questions about the toxic and
teratogenic effects of zinc.

Therefore, additional experiments were

conducted to evaluate further the effect of zinc on prehatch and posthatch
organisms.

The embryos and larvae from all bioassays were preserved for
histological examination.

An

initial evaluation of the chondrofication of

the skeletal system was undertaken in light of the large number of terata
with axial bends and other curvatures of the axial column.

The preservation

of these specimens will allow future evaluation of any histological
deformities caused by zinc.

3

CHAPTER II

RESEARCH PROCEDURES

Selection of Animal Test Species
One species of warm water fish was used in this study.

Eggs of the

fathead minnow (Pimephales promelas) were obtained from the Aquatic Biology
Section, Environmental Monitoring and Support Laboratory, U.S.
Environmental Protection Agency, Newtown, Ohio.

The selection of species

was made in part on the basis of economic importance, seasonal availability,
ease of propagation in the laboratory, the.data base available for
comparison of test results, and general acceptance as test organisms (1012).

Eggs of the fathead minnow were collected by U.S. EPA personnel,

transported to the laboratory in insulated coolers, and immediately used in
bioassays.

Dilution Water
Dilution water used in all phases of this study was a synthetic fresh
water of moderate hardness

(i-~·,

80-100 mg/Las CaC03

U.S. Environmental Protection Agency (11, 12).

)

recommended by the

Distilled, deionized water

was reconstituted by the addition of appropriate quantities of reagent-grade
sodium, potassium, magnesium, and calcium salts.
4

This synthetic water was

used as the dilution water for the embryo-larval bioassays.

Physicochemical

characteristics of the dilution water are presented in Table 1.

Selection and Analysis of Toxicant

Zinc acetate (Zn(C2 H3 0 2

) 3

"2H2 0) was chosen as the toxicant, and was

obtained from Fisher Scientific Company (Lot #743126).

A stock solution of

10 g Zn/L was prepared in distilled, deionized water and this stock solution
was diluted to the appropriate exposure concentration for all bioassays.
Actual zinc concentrations were determined daily for each exposure using a
Perkin Elmer Atomic Absorption Spectrophotometer (model 3030).

Procedures for Conducting Embryo-Larval Bioassays

Embryo-larval test system.

To determine the toxic and teratogenic

effects of zinc on embryonic stages, embryo-larval. bioassays were conducte_d
following static-renewal procedures described by Horning and Weber (11) and
Birge, et al. (13).

Fertilized fathead minnow eggs were placed in deep

Pyrex petri dishes ( 400 mL capacity), with a sample size of approximately
100 eggs per dish for both experimental and control populations.
control water were changed at regular 24-hr intervals.
supplied directly to each test chamber.

Test and

Aeration was

Water quality parameters, including

pH, temperature, dissolved oxygen, and conductivity, were determined daily
utilizing a Corning pH meter (model 10), a mercury bulb thermometer, YSI
oxygen meter (model 54), and Markson conductivity meter (model 10).
5

Measurements on alkalinity and hardness were accomplished using the methyl
orange and EDTA titrimetric procedures, respectively, as described in
Standard Methods (14).

Test organisms were monitored daily to gauge extent

of development and to remove dead specimens.
Exposure concentrations and duration of test,

The effect of zinc was

tested initially in a range-finder bioassay at five exposure concentrations
ranging from 0.01 to 5.0 mg/L, using at least two replicates.

Based upon

both mortality and the frequency of terata, the range-finder allowed the
number of exposure concentrations in subsequent bioassays to be narrowed to
three,

(i-~·,

0.5, 1.0, 3.0 mg/L).

Bioassays were initiated soon after

fertilization (approximately 14 hr) and continued through 4 days
posthatching.

Average hatching time was approximately 4-5 days for fathead

minnows at an overall mean temperature of 23°C.
Although all tests were carried through 4 days posthatching, daily
examination of the eggs and embryos allowed determination of numbers of
mortalities and terata after 96 hr of zinc exposure.

In order to determine

the developmental stage which was most sensitive to zinc, exposures were
initiated at various developmental ages.

The stage of embryonic development

was confirmed upon consultation with a staging guide prepared by Devlin (8).
Zinc exposure was initiated at 14 hr of age or less (gastrula), 24 hr
(tailbud, post neurula stage), 48 hr (onset of circulation), 72 hr
(expansion of circulation stage), and 96 hr (beginning of hatching period).
In order to evaluate the effects of zinc on fathead minnow embryos when
exposed only prior to hatching, embryos were treated with 0.5 and 1.0 mg
Zn/L for 96 hr and the unhatched eggs were then transferred to dilution
6

water without zinc.

Hatching embryos were then observed for 4 days

posthatching, noting mortality and teratogenic effects.
Test responses and analysis of data.

Test responses in embryo-larval

bioassays were limited to mortality and teratogenesis.

Percent survival and

teratogenesis were determined after 96 hr of zinc exposure and at 4 days
posthatching.

Frequencies of terata were expressed as the percentage of

abnormal animals in hatched populations.

Teratogenic defects were

identified as those survivors affected by gross, debilitating anomalies (5,
15).

Counting teratic larvae as dead organisms, median lethal

concentrations (LC 50 } were calculated using the Trimmed Spearman-Karber
method (16) and no observed effect concentrations (NOEC) were determined
using the methods of Dunnett (17) and Chi-square/Fisher's exact test (18).
The lowest observed effect concentration (LOEC) was the lowest zinc
concentration which showed statistically significant response.

The median

effective concentration for malformations (EC 50 ) also was determined using
the Spearrnan-Karber method ( 16).
Histological examination.

All animals, both normal and abnormal, were

preserved appropriately for further histological examination.

Initial

examinations were made on whole animals by a specialized technique which is
designed to stain both bone and cartilage in the intact organism.

Both

normal and abnormal newly-hatched animals were fixed with 10% buffered
formalin, stained for cartilage with alcian blue and for bone with alizarin
red S, and stored in glycerin (19-22).

Observations on cartilage and bone

deposition in normal and teratic organisms were made using an AO dissecting
microscope.

Those animals not prepared for cartilage/bone staining were

fixed in Bouin's fixative and embedded in paraffin {23).
7

These specimens

will be examined subsequently for developmental defects at the tissue and
cellular level.
In addition, bioassays were initiated at the same five developmental
stages described above and representative samples of 25 organisms were
collected every 12 hr and preserved in Bouin's fixative.

These specimens

will be examined to evaluate the time-course of the impact of zinc on organ
development.

8

Table 1.

Physicochemical characteristics of synthetic fresh water
used as dilution water in embryo-larval bioassays with zinc.
Mean 1

Standard Error

23.6

0.3

87.7

1.9

64.4

1.0

pH

7.73

0.06

Conductivity (umhos/cm)

321.2

0.9

Dissolved Oxygen (mg/L}

8.35

0.11

Temperature (°C)
Hardness (mg/Las caC03

}

Alkalinity {mg/Las caC0 3

}

'Means determined from analyses of control water used in each bioassay.
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CHAPTER III

DATA AND RESULTS

Water quality characteristics.

The physicochemical characteristics of

the water used in each biaassay are presented in Table 2.

All parameters

were within limits established by the U.S. EPA for water of moderate
softness {11, 12).
CaC0 3

,

Mean hardness values ranged from 84.7 to 90.1 mg/Las

while pH and alkalinity varied from 7.46 to 7.69 and 63.3 to 67.1

mg/Las CaC03

,

respectively.

The overall variation in mean exposure

temperature was minimal, ranging from 22.7 to 23.5°C.

Dissolved oxygen was

maintained at saturation and conductivity varied from 320.2 to 323.4
µmhos/cm.
As seen in Table 3, the measured zinc concentrations at each exposure
in each bioassay were in good agreement with nominal levels.

Therefore, all

bioassays were comparable and all further discussion will refer to nominal
zinc concentrations.
Sensitivity of various developmental stages to zinc.
end points were selected for analyzing toxicity data.

Two experimental

One end point, a

total of 96 hr exposure to zinc, was selected in order to evaluate an equal
exposure period to the toxicant.

The second end point reflected the full 8-

day study, with data examined at 4 days posthatching.

These data were less

useful in determining LC50 values, but did provide insight into the overall
effects of zinc in the posthatch period.
10

When zinc exposure was initiated at five different developmental
stages, 0.5 mg/L did not significantly reduce survival after 96 hr of
exposure (Table 4, Figure 1).

However, exposure to 1.0 mg/L resulted in

reductions in survival that ranged from 41% at an initial exposure of 96 hr
to essentially no mortality compared to controls at an initial exposure of
24 hr (Table 4, Figure 2).

At 3.0 mg Zn/L, no survival was observed in any

population after 96 hr of exposure.

Mortality in the controls ranged from

0% to 8%.
The frequency of abnormal animals in the posthatched populations after
96 hr of exposure was relatively low at 0.5 mg/L, ranging from 0% in the 24hr population to 20% in the larvae exposed at 48 hr (Table 5, Figure 1).

An

exposure concentration of 1.0 mg/L resulted in virtually all survivors
showing some degree of teratic defect (Table 5, Figure 2).
The most frequent anomaly at both 0.5 and 1.0 mg/L was a mild though
seemingly permanent bend in the vertebral axis.

This bending usually

resulted in animals that swam in circles or did not move about in a normal
manner.

Varying degrees of peritoneal and pericardial edema were found in a

few larvae and at 1.0 mg/L severe hemorrhaging of the cardiac region and
cardiac anomalies were observed.

Premature hatching occurred at 3.0 mg/L

and all animals were dead by 96 hr of exposure.

The populations exposed to

3.0 mg/L were all abnormal prior to death and especially displayed severe
cardiac and opthaJmi c edema, as well as foreshortening of the entire body.
Based solely upon survival, the LC 50 values for zinc after 96 hr of
exposure ranged from 0.34 mg/Lat initial exposure age of 14 hr (gastrula)
to 1.49 mg/Lat initial exposure age of 24 hr (tailbud stage) (Table 6).
11

Thus, on the basis of LC 50 values for"mortality alone, the period of
gastrulation appears to be somewhat more sensitive to zinc than do most
embryonic stages, with an LC50 of 0.34 mg/L, while the tailbud stage is the
most tolerant, at 1.49 mg/L.

These data were somewhat lower than the LCso

of 3.6 mg/L reported by Dawson, et al. (7) for 6-day exposure of fathead
minnows eggs to zinc sulfate.

When abnormal animals were considered as

mortalities, all LC 50 values were lowered ( Table 6) .

The LC 50 ' s at the

gastrula (14 hr) and onset of circulation (48 hr) stages were 0.16 and 0.13
mg/L, respectively, while at the tailbud stage {24 hr) the LC50 was 0.62
mg/L {Table 6).

However, 95% confidence limits could not be calculated at

the 24-hr exposure age and this LC5 0 value is somewhat in question.

Because

the LC50 values were not significantly different from each other, it appears
that zinc is not substantially more toxic ta any particular embryonic stage
than any other in the development of the fathead minnow.
The lowest observed effect concentrations (LOEC's) far zinc also were
calculated.

When mortalities alone were considered, the LOEC's were 0.52,

2.82, 0.94, 0.84, and 0.89 mg Zn/Lat initial exposure ages of 14, 24, 48,
72, and 96 hr, respectively (Table 6).

Calculation of the 96-hr LOEC,

counting terata as mortalities, indicated that, except at 24 hr of age,
exposure ta 0.5 mg Zn/L resulted in a significant response {Table 6).

This

level was in complete agreement with Dawson, et al. (7), who reported a 6day LOEC of 0.43 mg Zn/L.
When the median effective concentrations (EC50 's) far abnormalities in
the 96-hr populations were determined, levels ranged from 0.16 mg/Lat 48 hr
to O. 63 mg/L at 24 hr ( Table 7) .

Although these values were lower than

those reported by Dawson, et al. (7), they were in relative close agreement.
12

As with the 96-hr study, when data were analyzed at 4 days posthatching
(Table 8), it appeared that the gastrula stage was the most sensitive to
zinc.

It must be noted, however, that these ·animals received the longest

exposure to zinc when the 4-day posthatching end point was selected.

No

matter whether the end point was after 96.hr of exposure or at the end of 4
days posthatching, 1.0

mg

Zn/L proved to be the concentration producing the

most abnormal larvae. (Tables 5, 9).

However, during the posthatch period,

frequencies of anomalies increased daily at the 0.5 mg/L exposure, with the
percentage of abnormal animals increasing to 51% in animals exposed at 14 hr
of development (Table 9).
The presence of abnormalities in the larvae exposed to zinc at hatching
(96-hr exposure population) was of special interest.

These animals did not

receive any extensive exposure to zinc until after hatching, yet all
survivors exposed to 1. 0 mg/L after 4 days were anomalous·.

In order to

explore this observation, a bioassay was conducted in quadruplicate in which
embryos at the gastrula stage (14 hr) were exposed to 0.5 and 1.0 mg Zn/L
for 96 hr.

Just prior to hatching, the eggs were transferred to control

water (,!-~·, dilution water without zinc) and mortalities and abnormalities
were determined after 4 days posthatching.

This treatment resulted in

essentially no mortalities in the posthatch populations and frequencies of
terata were only slightly above control levels (Treatment C, Tables 10, 11;
Figures 3, 4).

Thus, the presence of zinc only in the prehatch period does

not appear to induce the same numbers of abnormal larvae as it does when
posthatch larvae are exposed.

These results indicate that at sublethal

concentrations perhaps the chorion imparts a protective mechanism to the
13

teratogenic effects of zinc, but that this protection is lost after
hatching.
Histological examination of posthatch larvae.

Preliminary histological

examination of intact larvae stained for cartilage development indicated
that by 4 days posthatching only the cartilagenous portions of the gill
arches and brain case were developed.

Somite differentiation into

cartilagenous and bony elements of the vertebral column were not evident
by the time of the occurrence of anomalies.

Therefore, abnormalities in

cartilage deposition should not be an irrunediate cause for the appearance of
numerous animals with curves in the vertebral axis.

Further histological

examination should address differentiation of the somites.
Possible teratogenic action of zinc in development.

The mechanisms

involved in the effect of zinc on either embryos or larvae is presently
unknown.

Although final differentiation of many organ systems is continuing

after hatching, major organ development has been completed by hatching.
Thus, the effect of zinc on these posthatch animals may not only reflect a
teratogenic effect but also some other physiological impact upon the animal.
Zinc has been implicated in the regulation of DNA synthesis (24, 25) and
Dawson, et al. (7) have speculated that disruption of DNA synthesis by zinc
may result in abnormal embryonic development.

Another possible mechanism,

especially in light of the posthatch effects of zinc, may be related to the
role zinc plays in release of neurotransmitter at the neuromuscular
junction.

Zinc competes with calcium ions at mammalian neuromuscular

junctions, thus inhibiting proper release of transmitter, resulting in
improper muscular contraction (26).

Perhaps improper muscle contraction may

account for the large number of kinks, bends, and curves of the vertebral
14

axis of the larvae.

Further studies are needed to explore the possible

mechanisms of zinc action in the embryos and larvae of the fathead minnow.

15

Table 2.

Water quality characteristics observed during embryo-larval bioassays with the fathead minnow.

Water Quality Characteristics (Mean± S.E.)
Initial
Exposure
Age (hr)

....

"'

Temperature

c0 c>

Hardness
(mg/Las CaCO,,)

Alkalinity
(mg/Las caco,,)

pH

Conductivity
(µmhos/cm)

Dissolved Oxygen
(mg/L)

<14

23.4 ± 0.1

84.7 ± 0.6

63.4 ± 0.9

7.69 ± 0.05

321.6 ± 2.1

8.24 ± 0.05

24

23.1 ± 0.1

88.4 ± 1.1

63.3 ± 0.9

7.54 ± 0.03

323 .4 ± 1.8

8.03 ± 0.07

48

22. 7 ± 0 .1

87.8 ± 0.3

66.8 ± 1.4

7.48 ± 0.04

321.3 ± 0.6

8.14 ± 0.06

72

23.5 ± 0.2

90.1 ± 1. 3

65.8 ± 1.2

7.67 ± 0.02

321.1 ± 1.3

8.67 ± 0.10

96

23.1 ± 0.1

86.2 ± 1.2

67.1 ± 2.6

7.46 ± 0.04

320.2 ± 0.4

7.91 ± 0.08

Table 3.

Atomic absorption spectrophotometric analysis of zinc during embryo-larval
bioassays with the fathead minnow.
Actual Zinc Concentration (mg/L) 1

Nominal Zn
Concentration
(mg/L)

.......,

Exposure
Age 14 hr

Exposure
~ge 24 hr

Exposure
Age 48 hr

Exposure
Age 72 hr

Exposure
Age 96 hr

Control

0.02 ± 0.003

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.5

0.52 ± 0.01

0.47 ± 0.01

0.45 ± 0.01

0.43 ± 0.00

0.41 ± 0.02

1.0

1.02 ± 0.02

0.94 ± 0.02

0.94 ± 0.02

0.84 ± 0.00

0.89 ± 0.03

3.0

3.26 ± 0.03

2.82 ± 0.09

2.65 ± 0.02

1.93 ± 0.12

2.53 ± 0.08

'Expressed as mean± standard error.

Table 4.

Percent survival of developmental stages of the
fathead minnow exposed to zinc for 96 hr.
Initial Exposure Age (hr) 1

Nominal Zn
Concentration
<14

24

48

72

96

Control

98

92

93

100

100

0.5

83

96

94

98

95

1.0

77

92

72

72

59

3.0

0

0

0

0

0

(mg/L)

1

Hatching occurred at 96 hr.

Table 5.

Percent of fathead minnow populations anomalous
after 96 hr of zinc exposure.
Initial Exposure Age (hr) 1

Nominal Zn
Concentration

(mg/L)

<14

24

48

72

96

2

0

0

1

1

0.5

10

0

20

12

11

1.0

100

100

100

94

100

Control

3.0
1

Hatching occurred at 96 hr.
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Table 6.

(mg/L)

95% Confidence
Limits

LOEC 2
(mg/L)

0.52

0.16

0.10 - 0.24

0.52

1.43 - 1. 56

2.82

0.62

-

0.94

0.95

0.66 - 1:35

0.94

0.13

0.07 - 0.21

0.45

72

0.92

0.80 - 1.06

0.84

0.26

0.18 - 0.39

0.43

96

o. 76

0.61 - 0.95

0.89

0.23

0.16 - 0.35

0.41

(mg/L)

95% Confidence
Limits

LOEC 1
(mg/L)

<14

0.34

0.23 - 0.51

24

1.49

48

Initial
Exposure
Age (hr)

....

"'

96-hr LC 50 and LOEC values for zinc determined in embryo-larval bioassays
with the fathead minnow.

. LCso

'

LC so

2

'LC 50 and LOEC values based on all survivors, both normal and abnormal. The LOEC is expressed
as actual mean exposure concentration.
2
LC 50 and LOEC values based only on normal survivors. Terata counted as mortalities. The LOEC
is expressed as actual mean exposure concentration.

Table 7.

96-hr EC 50 values for abnormalities observed in
embryo-larval bioassays with fathead minnows
exposed to zinc.

Initial
Exposure
Age (hr)

EC so
(mg/L)

95% Confidence
Limits

<14

0.41

0.28 - 0.59

24

0.63

48

0.16

0 .11 - 0. 25

72

0.47

0.29 - 0.74

96

0.30

0.21 - 0.43

20

Table 8.

Percent survival of developmental stages of the
fathead minnow exposed to zinc through 4 days
posthatching.
Initial Exposure Age {hr) 1

Nominal Zn
Concentration
<14

24

48

72

96

Control

90

91

93

100

100

0.5

82

96

90

98

95

1.0

27

60

49

67

59

3.0

0

0

0

0

0

{rng/L)

'Hatching occurred at 96 hr.

Table 9.

Percent of fathead minnow population anomalous after
exposure to zinc through 4 days posthatching ..
Initial Exposure Age {hr) 1

Nominal Zn
·concentration
<14

24

48

72

96

1

0

0

1

1

0.5

51

44

33

11

11

1.0

100

100

100

93

100

{rng/L)
Control

3.0
'Hatching occurred at 96 hr.
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Table 10.

Survival of fathead minnows at 4 days posthatching
following various treatments with zinc.
Percent Survival

Nominal Zn
Concentration
A'

B2

c3

Control

90

100

96

0.5

82

95

97

1.0

27

59

97

(mg/L)

'A = 8 days total exposure to Zn.
= 4-day prehatch period with no Zn exposure, followed by
4-day posthatch period with Zn expousre.
3c = 4-day prehatch period with Zn exposure, followed by
4-day posthatch period with no Zn exposure.
2B

Table 11.

Frequencies of anomalies in fathead minnow larvae at
4 days posthatching following various treatments
with zinc.
Percent Terata

Nominal Zn
Concentration

c3

A'

B2

1

1

2

0.5

51

11

4

1.0

100

100

5

(mg/L)

Control

'A= 8 days total exposure to Zn.
B 4-day prehatch period with no Zn exposure, followed by
4-day posthatch period with Zn expousre.
3
C = 4-day prehatch period with Zn exposure, .followed by
4-day posthatch period with no Zn exposure.
2

22

Percent of Population
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24
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72

96

Initial Exposure Age (hr)
Figure 1.

Survivors

l;22Z1 Terata

Teratogenic effects of 0.5 mg Zn/L to fathead minnow l~rvae after
96 hr of exposure.
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40
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14

24
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72

96

Initial Exposure Age (hr)
Figure 2.

~ Terata

Survivors

Teratogenic effects of 1.0
96 hr of exposure.

mg

Zn/L to fathead minnow larvae after

Percent Survivors
100~~~~~~~~~~-
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Treatment
Figure 3.

Control

~ 0.5 mg/L

~ 1.0 mg/L

Survival of fathead minnow larvae following 8-day (A), 4-day posthatch (B),
and 4-day prehatch (C) exposure to zinc. (See footnote, Table 10)

Percent Terata

100.--~~~~-r<c""""'""""~~~~~~.,....,....,.""....--~~~~~~~~---,

80

60

40

"'"'
20

0

1

~

~

,~~I

B

A

C

Treatment
Figure 4.

Control

~ 0.5 mg/L

~ 1.0 mg/L

Frequencies of terata in fathead minnow larvae following 8-day (A), 4-day
posthatch (B), and 4-day prehatch (C) exposure to zinc. (See footnote, Table 10)

CHAPTER IV

CONCLUSIONS

This study was undertaken to examine the frequency of abnormal animals
in hatched populations of the fathead minnows and to evaluate the
susceptibility of various developmental stages to the toxic and teratogenic
actions of zinc.

Abnormal animals do not usually survive in natural

populations and, therefore, any information on the teratogenic action of an
aquatic contaminant may prove important in the maintenance of the integrity
of an aquatic ecosystem.

The fathead minnow is commonly found in many

freshwater streams and serves as an important member of freshwater
ecosystems.

Since zinc is a contaminant in many fresh waters, the effects

of zinc on the developmental stages of the fathead minnow would provide
additional information in maintaining waters that would be safe for the
propagation of fish.
Five embryo-larval stages of the fathead minnow were exposed to a range
of zinc concentrations.

Although the median lethal concentrations ranged

from 0.13 ta 0.62 mg/L, this difference was not substantial enough
to indicate that a particular stage was significantly more sensitive than
any other.

The sublethal effects of zinc appeared most prominently during

the posthatch stage, when it was shown that surviving embryos exposed to 1. O
mg Zn/L were all anomalous.

However, if embryos were exposed only prior to

hatching, frequencies of abnormalities decreased to just above control
27

levels.

Therefore, the chorion of the egg may provide a measure of

protection to developing embryos, but that this protection is lost after
hatching.
A report by Dyer (27) in 1982 indicates that several streams in eastern
Kentucky have zinc concentrations in the range used in this study.

Al.though

these streams also have high levels of other heavy metals, it is reasonable
to assume that if any fish survive in these water, they would be subject to
the detrimental effects of zinc.

Developing embryos and larvae of the

fathead minnow would not survive in large numbers at concentrations above
0.5 mg Zn/L.

Therefore, the potential for disrupting an important component

of the stream ecosystem exists.

28

LITERATURE CITED

1.

U.S. Environmental Protection Agency. 1980.
zinc. EPA-44/5-80-079. Washington, D.C.

Ambient water quality for

2.

Pickering, Q.H. and W.N. Vigor. 1965. The acute toxicity of zinc to
eggs and fry of the fathead minnow. The Prag. Fish-cult., July: 153157.

3.

Benoit, D.A. and G. w, Holcombe. 1978. Toxic effects of zinc on
fathead minnows Pimephales promelas in soft water. J. Fish. Biol., 13:
701-708.

4.

Brungs, W.A. 1969. Chronic toxicity of zinc to the fathead minnow
Pimephales promelas Rafinesque. Trans. Am. Fish. Soc., 98: 272-279.

5.

Birge, W.J., J.A. Black, A.G. Westerman, and B.A. Ramey. 1983. Fish
and amphibian embryos - a model system for evaluating teratogenicity.
Fundam. Appl. Toxicol., 3: 237-242.

6.

Birge, W.J., J.A. Black, and A.G. Westerman. 1985. Short-term fish and
amphibian embryo-larval tests for determining the effects of toxicant
stress on early life stages and estimating chronic values for single
compounds and complex effluents. Environ. Toxicol. Chem., 4: 807-825.

7.

Dawson, D.A., E.F. Stebler, S.L. Burks, and J.A. Bantle. 1988.
Evaluation of the developmental toxicity of metal-contaminated sediments
using short-term fathead minnow and frog embryo-larval assays. Environ.
Toxicol. Chem., 7: 27-34.

8.

Devlin, E.W. 1982. Developmental Studies on the Fathead Minnow
(Pimephales promelas Raf.}. A Dissertation, Zoology Department, North
Dakota State University, Fargo, N.D.

9.

Balon, E.K. 1984. Reflections on some decisive events in the early
life of fishes. Trans. Am. Fish. Soc., 113: 178-185.

10.

Adelman, I.A. and L.L. Smith, Jr. 1976. Fathead minnows (Pimephales
promelas} and goldfish (Carassius auratus} as standard fish in bioassays
and their reaction to potential reference toxicants. J. Fish. Res.
Board Can., 33: 209-214.

11.

Horning, W.B. and C.I. Weber, eds. 1985. Short-term methods for
estimating the chronic toxicity of effluents and receiving water to
freshwater organisms. EPA/600/4-85/014, U.S. Environmental Protection
Agency, Cincinnati, OH. 162 p.

•

29

12.

Peltier, W,H. and C.I. Weber, eds. 1985. Methods for measuring the
acute toxicity of effluents to freshwater and marine organisms.
EPA/600/4-85/013, U.S. Environmental Protection Agency, Cincinnati, OH.
216 p.

13.

Birge, W.J., J.A. Black, and B.A. Ramey. 1981. The reproductive
toxicology of aquatic contaminants. In Hazard Assessment of Chemicals
- current Developments, J. Saxena and F. Fisher, eds., Academic Press,
New York. pp. 59-115.

14.

American Public Health Association, American Water Works Association,
and Water Pollution Control Federation. 1985. Standard Methods for the
Examination of Water and Wastewater, 16th Edition. American Public
Health Association, Washington, D.C. 1268 p.

15.

Birge, W.J. and J.A. Black. 1977. Sensitivity of vertebrate embryos to
boron compounds. EPA-560/1-76-008, U.S. Environmental Prot"ection
Agency, Washington, D.C. 66 p.

16.

Hamilton, M.A., R.C. Russo, and R.V. Thurston. 1977. Trimmed SpearmanKarber method for estimating median lethal concentrations in toxicity
bioassays. Environ. Sci. Technol., 11: 714-719; correction 12: 417,
1978.

17.

Dunnett, C.W. 1955. A multiple comparison procedure for comparing
several treatments with a control. J. Am. Stat. Assoc., 50: 1096-1121.

18.

Sokal, R.R. and F.J. Rohlf.
San Francisco, CA. 776 p.

19.

Simons, E.V. and J.R. Van Horn. 1971. A new procedure for wholemount
alcian blue staining of the cartilaginous skeleton of chicken embryos,
adapted to the.clearing procedure in potassium hydroxide. Acta Morphol.
Neerl.-Scand., 8: 281-292.

20.

Wassersug, R.J. 1976. A procedure for differential staining of
cartilage and bone in whole formalin-fixed vertebrates. Stain Technol.,
51: 131-134.

21.

Dingerkus, G. and L.D. Uhler. 1977. Enzyme clearing of alcian blue
stained whole small vertebrates for demonstration of cartilage. Stain
Technol., 52: 229-232.

22.

Hanken, J. and R. Wassersug.
Photog.·, 16: 22.

23.

Humason, G.L. 1967. Animal Tissue Techniques, Second Edition.
Freeman and Company, San Francisco, CA. 569 p.

1969.

1981.

30

Biometry.

W·.H. Freeman and Company,

The visible skeleton.

Fune.
W.H.

